). Unless specified, the graphs are based on the fMRI signal averaged across hemispheres and emotion conditions (pleasant and unpleasant collapsed). Ctx, cortex; Emo, emotional; Neu, neutral; Dm, remembered Ϫ forgotten.
Additionally, a second goal of the study was to explore it provides a precise localization of the fMRI signal recorded from neighboring brain regions, such as those the possibility of anatomical specialization within the MTL memory system for effects of emotion on memory in the MTL. In the amygdala, the main focus was on separating the signal from BLA, which has been identiformation. Although little evidence is available, reasonable candidates are anterior MTL memory regions, parfied as the main site of amygdalar modulatory influences on memory-related activity in other brain regions. In the ticularly the hippocampus and the entorhinal cortex, which are not only richly interconnected with the amyg-MTL memory system, ROI tracing first identified the main regions (i.e., the hippocampus and the parahippocampal dala nization, the hippocampus was subdivided into head, body, and tail, and the parahippocampal gyrus (PHG) Thus, we investigated the possibility that the effect of emotion on Dm activity would be more pronounced in was subdivided into anterior and posterior PHG. Posterior PHG included the parahippocampal cortex. Finally, anterior than in posterior MTL memory regions.
To investigate these ideas, encoding-related activity anterior PHG was further subdivided into entorhinal and perirhinal cortices. from MTL regions was obtained using event-related fMRI while participants rated high-arousing emotional (both pleasant and unpleasant) and low-arousing neutral Results pictures for pleasantness. Cued recall for the pictures was assessed following scanning and used to identify
Behavioral Results

Valence Ratings the emotional Dm and the neutral Dm, which were then compared to each other. Correlations between the Dm
The average valence scores (1 ϭ unpleasant, 2 ϭ neutral, 3 ϭ pleasant) as rated by the participants in the in amygdala and the MTL memory regions were also calculated for emotional and neutral stimuli. Emotional scanner were 1.14 for unpleasant pictures (SD ϭ 0.16), 2.18 for neutral pictures (SD ϭ 0.40), and 2.64 for pleasDm was calculated by collapsing both categories of high-arousing pictures to form the emotional category.
ant pictures (SD ϭ 0.26). All pairwise comparisons were significant (ps Ͻ 0.0001). Thus, the subjects' rating Activity in the amygdala and the MTL memory regions was identified using manually traced anatomical regions scores were consistent with the normative scores provided by the International Affective Picture System of interest (ROIs). The ROI approach was used because (IAPS; Lang et al., 1997), which is the source of stimuli tween the emotional Dm in the amygdala and the MTL memory regions were highly significant and greater for used in the present study. Further validating this consisemotional than for neutral pictures. In other words, the tency, the correlation between our subjects' average subjects showing greater emotional Dm in the amygdala scores and the normed IAPS scores of the pictures used also showed greater emotional Dm in the MTL memory in the present study was highly significant (R ϭ 0.90, regions. Correlations between the Dm in amygdala and p Ͻ 0.0001).
hippocampus were significant and greater for emotional Memory Performance than for neutral pictures when they involved the whole As expected, mean recall (ϮSD) was better for highhippocampal structure or when the correlations were arousing emotional pictures (pleasant, 52% Ϯ 4.5%; calculated separately for the head and the body, but unpleasant, 53% Ϯ 4.8%) than for low-arousing neutral not when Dm activity from the tail was involved. The pictures (38% Ϯ 4.8%). An ANOVA yielded a significant maximum difference in correlation between the Dm for picture type effect [F(2,15) ϭ 41.21, p Ͻ 0.0001]. Post emotional and neutral stimuli occurred for the amyghoc contrasts showed that recall of pleasant and undala-entorhinal cortex correlation, which was highly sigpleasant pictures was similar (p Ͼ 0.05), and recall for nificant for the emotional pictures (R ϭ 0.77, p Ͻ 0.0003) both high-arousing categories was higher than that for but not for the neutral pictures (R ϭ 0.02, p Ͼ 0.9; see neutral pictures (ps Ͻ 0.0001). Table 1 and Figure 2 ), and the difference between these two correlations was also significant (p Ͻ 0.01). Taken fMRI Results together, the present results suggest that the amygdala Effect of Emotion on Dm in the Amygdala and the MTL memory regions are coactivated more conand MTL Memory System sistently during successful encoding of emotional picConfirming our first prediction, the emotional Dm was tures than during successful encoding of neutral picgreater than the neutral Dm in both the amygdala and tures. the MTL memory system. As seen in Figure 1 and Table  Double 
Discussion
The present study yielded three main findings. The first two findings are consistent with the modulation hypothesis: (1) the emotional Dm was greater than the neutral Dm in both the amygdala and the MTL memory system, and (2) the correlation between the amygdala and the MTL memory system was greater for the emotional Dm than for the neutral Dm. The third finding was a dissociation between anterior and posterior MTL memory regions: whereas anterior regions showed a greater emotional Dm, posterior regions showed a greater neutral Dm.
Evidence for the Modulation Hypothesis
Successful encoding activity in the amygdala and MTL memory structures was greater and more strongly correlated for emotionally arousing than for neutral pictures. we asked 10 participants to rate our stimuli using a sectors are specialized to encode emotional and neutral information into long-term memory. scene content scale (1 ϭ no scene content, 4 ϭ very high scene content). by the present study clearly indicates that different MTL assigned to six study blocks. Six different block orders were ranquired relative to the anterior commissure-posterior commissure domly assigned to the participants. To avoid the induction of long-(AC-PC) plane. 34 axial (parallel to AC-PC plane) and 46 coronal lasting mood states, the pictures within each block were pseudo-(perpendicular to AC-PC plane) were acquired using the following randomized so that no more than two pictures of the same valence parameters: TR ϭ 450 ms; TE ϭ 9 ms; FOV ϭ 24; matrix size ϭ were consecutively presented. Functional MR images were re-256 2 ; slice thickness ϭ 3.75 mm. 34 contiguous functional images corded while subjects viewed the emotional and neutral pictures.
(gradient-echo echoplanar images sensitive to BOLD contrast) were Participants were instructed to experience any feelings or thoughts acquired parallel to the AC-PC plane (TR ϭ 3000 ms; TE ϭ 40 ms; the pictures might trigger in them and to rate each picture for pleas-FOV ϭ 24; matrix size ϭ 64 2 ; FA ϭ 90Њ; one radio frequency excitaantness using a 3-point scale (1 ϭ unpleasant, 2 ϭ neutral, 3 ϭ tion; slice thickness ϭ 3.75 mm, resulting in cubic voxels). pleasant). Nothing was mentioned about the subsequent memory test, before or during the encoding task (incidental learning). The fMRI Data Analysis pictures were presented, using an LCD projector, to a screen located Region of interest (ROI) analyses were performed using in-house behind the subjects' crown that subjects could see via an angled software developed at Duke University's Brain Imaging and Analysis mirror. Each picture was presented for 3 s and followed by a 12 s
Center ( pal" refers generically to PHG regions. If it is associated with more they cannot distinguish among them. Hence, none of these pictures specific terms (e.g., anterior versus posterior), it refers either to both would be considered "recalled" without additional distinguishing deentorhinal and perirhinal cortices (anterior PHG) or to parahippotails.
campal cortex proper (posterior PHG). The terms entorhinal and Functional MRI signal recorded during encoding was selectively perirhinal both refer to specific subregions of the anterior PHG. averaged based on the emotion category (i.e., emotional versus Statistical Analyses neutral) and on subsequent memory performance (i.e., remembered ROI analysis employed two levels: individual and group analyses. versus forgotten ϭ Dm). Since the main goal of the study was to For individual analyses, the fMRI signal extracted from all voxels compare the emotional Dm with the neutral Dm, the Dm was first contained in the ROIs was selectively averaged in each subject as calculated for both emotional and neutral pictures, separately. Then, a function of stimulus condition (e.g., remembered versus forgotten), emotional and neutral Dms were directly compared to each other.
hemisphere, slice, and time point (one prestimulus and four postThe basic assumption was that activity in brain regions showing stimulus onset time points were employed). For group analyses, greater emotional Dm than neutral Dm reflects emotional arousal ANOVAs were performed on the percent signal change relative to modulations of encoding mechanisms. stimulus onset for each effect of interest (e.g., emotional Dm versus Given the fact that subjects' rating scores were highly consistent neutral Dm) and MTL region. Furthermore, the ROI approach also with the IAPS standard scores (see Behavioral Results), the latter involved correlation analyses. Across-subject pairwise Pearson corwere used to separate the emotional and neutral categories. the average data extracted from each subject's ROIs and hemiintensity rather than the emotional valence is the main factor despheres and compared for emotional and neutral pictures. For all termining amygdalar activity and long-term explicit memory for emoanalyses involving the fMRI signal extracted from a priori anatomitional stimuli. Therefore, the pleasant and unpleasant pictures were cally defined ROIs, the significance threshold was set at p Ͻ collapsed to form the emotional category. This procedure was meth-0.05, uncorrected. odologically suitable since pleasant and unpleasant pictures were equated for emotional arousal.
